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Sildenafil (Viagra) Induces Neurogenesis and Promotes 
Functional Recovery After Stroke in Rats 

Ruilan Zhang, MD; Ying Wang, MD; U Zhang, MO; Zbcnggung Zhang, MD, PhD; Wayne Taattg, BS; 
Mei Lu, Pht>; Lijtc Zhang, MD; Michael Chopp, PhD 

Background and Purpose— Wc tested (he hypothesis that sildenafil, a phosphodiesterase type 5 (PDB5) inhibitor, 
promotes functional recovery and neurogenesis alter stroke 

Method*— Male Wwtar rats were subjected to embolic middle cerebral artery occlitflon* Sildenafil (Viagra) was 
a dminis tered orally for 7 consecutive days starting 2 or 24 hours after stroke onset at doses or 2 or 5 tntf/kg per day, 
Ischemic rats administered the same volume of tap water were used as a control group. Functional outcome tests 
(foot-fault, adhesive removal) were performed* Raw were killed 28 days alter stroke for analysis of infarct volume and 
newly generated cells within the stibvemricular a»ne and the dentate gyrus. Drain cGMP levels, expression of PDE5, 
and localised cerebral blood flow were measured In additional raw* 

Results— Treatment with sildenafil significantly (P<Q.0$) enhanced neurological recovery in all tests performed. There 
was no significant difference of infarct volume among the experimental groups. Treatment with sildenafil significantly 
(P<0,05) increased numbers of bromodeoxyurldine-immunoreaaive ceils in the subveniriculnr zone and the dentate 
gynw and numbers of immature neurons, as Indicated by plll-tubuUn CTuJl) Immurtoreticiivity in the ipsilatcral 
subventrieular *ooc and Striatum* The cortical levels of cGMP significantly Increased after administration of sildenafil, 
and PDE5 mRNA was present in both nonischemic and Ischemic brain* 

Conclusions— SWdcmiB increases brain levels of cGMP, evokes neurogenesis, and reduces neurological deficits when 
given to nits 2 or 24 hours idler stroke, These data suggest that this drug that te presently In the clinic ror actual 
dysfunction may have a role in promoting recovery from stroke {Stroke. 2002£3 :2675-26ttl>_) 

Key Words: neurogenesis ■ recovery of function ■ sildenafil ■ stroke, cardiocmbolic ■ rats 



Nitric oxide (NO) Is a potent activator of soluble guanyl> 
ate cyclase and causes ctiMP formation In target cells* 1 
Phospliodlesterase type S (PDES) earyrne is highly specific 
for hydrolysis of cGMP and is involved to regulation of 
cCMP signaling/" Sildenafil Is a novel IrUtibltor of PDES 
and causes Intracellular accumulation of cOMiV 1 

Administration of* an NO donor to rats with stroke signif- 
icantly Increases brain levels of cOMP, induces ccU genesis, 
and improves functional recovery* 4 Functional recovery may 
be pardy due to increases in levels of cGMP resulting from 
administration of tin NO donor* Therefore, we hypothesized 
that administration of sildenafil, a PDES inhibitor, to rats 
subjected to stroke enhances improvement of neurological 
outcome during stroke recovery. Tn the present study we 
tested this hypothesis In a rat model of focal cerebral embolic 
ischemia* 

Materials and Methods 
Sildenafil la a weak basic compound. Which b therefore only 
partially ionized at physiological pH and lias a halMlfc of QA hour 



In rats*' A film tablet ufVIocru (content 100 tag sildenafil, purchased 
commercially) was wdubed and powdered. 

Animal Model 

Male Wlsar raw weighing 320 to 380 g were used la the present 
smdy. The middle cerebral artery (MCA) was occluded by placement 
of an embolus at ibe origin of the MCA.* 

Experimental Protocols 

la protocol 1, to nuunmc whether odmlnumatlon a r sildenafil affects 
cell pmliferadon and neurological behavior, sildenafil at 2 mj^ku 
(h"10) or 5 mg/trg (n-9) dtssotvad In 3 mL of tap water was 
administered amity to rats 2 hours alter MCA occlusion and dally for 
an additional 6 days. Another uraup of (he Ucbrmic rats ft* 1 o) was 
treated orally with sildenafil (Z mg/kg) 24 hoars after MCA 
occlusion and dolly for an additional 6 days* Tscliemlc rats (n-9) 
were mated with die same votumo of dp water as a control uroup, 
Functional tests w*tc performed ami body weight was measured 
before bdicmlu and ai 4* 7, 14, 21, and 28 days after onset of MCA 
occlusion. Alt ram were kitted 2ft days alter MCA occlusion. In 
protocol 2, to examine whether administration of sildenafil affects 
brain cGMP levels. nnnJadiemle rats were treated with sildenafil at 
2 ntn/ka (a~fi) or lap water Co« 10) for 7 a^ These rats were killed 
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1 hour otter the lust to intent for ntcasurcment* of brain levels of 
cGM?, In protocol 3, to examine the effect* of sildenafil on cerebral 
blood (tow (CBF) and Wood prctuure, nonischemic rati (n-fi) were 
treated orally with sildenafil, end I pal CBF and mean arterial Wood 
pressure were measured starting at 30 minutes ant] continuing (or 
180 minutes after administration of sJIdeuafd. In protocol 4, lo 
examine brain FtO, oanhctietnlc rats and ischemic ruts were killed 
nt 2. 4. 24. 48, and 168 hour* idler die owe* of ischemia fn«3 for 
each time point). Reverse transcription (kTHxilymcnutc chain 
reaction 0*00 watt performed to detent PDE5 in brain dssuc 

cGMP Meiisuremimt in Bruin Tissue 
Txvcls of eCM? were measured wJdi the use of a ccmuttetcMy 
available tow-ptt mununoassny kit (tl&D Systems toe). The *ensJ» 
tlvlty of die assay was approximately 0,6 pawl/rat for (be uonaect. 
ytated procedure, the bntin was rapidly removed, and the cortex and 
the CercbeUum Were separated, 4 the bruin Uanue was weighed and 
hmoaUAdxed in 10 volume* of D.IN HCl cental rdng 1 rrmtnl/U 
3-bobui>l-l«rticihylxwilhkE» 

RT-PCR Analysis 

To examine the presence Df 1*0123 In rat brain dnsue, we symhesbed 
prbnere for H5E5 At and PDG5A3 wttotdiag to published sapience.' 
The 5' primer 5 # -AAAACTCOAOCAOAAACCCOCaOCA- 
AACACC3' tmd the 3' primer 5'^CATCAOOACtTmAG. 
aCAGAOAOCO* umplUlcd a cDNA fragment coding for 
N*termmal regions of rat pdgsai.* The y primer 5*» 
ACCTCTCCTAT0TT0CCCTTT0CU3' tmd the 3* prime? 5*. 
C^TOAOOACrrTOAaOCAOAOAOC.3 4 amplified a eDNA 
fragment coding to tat PDE5AV 

For cDKA synthesis, total UNA extracted tmm bnuu dssue was 
reverse transcribed.'' The samples were denatured at P5*C far 2 
minutes -and then amplified for 40 cycles. Each cycle consisted uf 
denatu ration at 9$*C for 30 seconds, annealing at 6T*C for I minute, 
and extension at 7T C tor 2 minutes, The samples (3o fO, per well) 
wetectcetTPphmeftcdan 1 5% agarose contamlngemldlum bromide. 

Body Weiglit Loss 

Animals were welded before and at 4» 7« 14« 21* tmd 2H days afar 
embolic ischemia. Body weight loss is presented as a pereentaue of 
preisehemie body weight* 

Foot-Faalt Test 

ftato were (cried for placement dysfunction of foretime* with (he 
modified fool~ftutt test* before Ischemia and at 4, |4, 21, and 2B 
days ufler embolic Ischemia, Hats were set on an elevated bewguoaj 
grid of different stees nnd placed diclr paws on the wire while 
moving nlong the grid. With each weight-bearing stop* the paw may 
full or slip between the wire. Hie total number of steps (movement 
of each fore limb) that the rat used to cross die grid was counted, and 
die total number of fbot-fauhs for each fordlmb Was recorded, 

Adhesive Removal Test 

An adhesive removal test wus used to meusure somulusensury 
dcllcili* and was performed before MCA occlusion and at 4, 7, 14, 
21 end 28 days ullcr MCA ocdusmn, 

Bromodcoxyuridinc Labeling 

fcrompdeoxyuridinc (BrdU) was used to measure cell proliferation, 1(1 
Animals received dairy intraperitoneal Injection* of fcrdU (5Q mg/fcg; 
Sigma) on die day of stroke and simictmcmly for 14 consecutive 
days. Cell proliferation In the subventricutar tone and dentate gyrus 
was measured hi rats killed at 28 days (In experimental protocol I. all 
4 groups) after ischemia, 

1mm unohisioclicmfctry 

For 0rdU Imnrnmauainlng. ONA was first denatured by Incubating 
brain section* (6 pm) In 50% formamldc 2X SSC at 65 U C fori hours 
and then in 2N HCl at WC for 30 minutes.* 1 1 Scedons were then 



rinsed with Trls bufTcr end treated with 1% uf HA to block 
endogenous peroxidase. Sections were mcubtited with u primary 
antibody to Brdll (1:100) at room temperature for 1 hour and then 
Incubated with blolinylatcd secondary antibody (1:200, Vector) for 1 
hour. Reliction product was detected with the use of 3*3'- 
diumittuben^tu^letrtihyc^hlorloe (DAB; Sigma)* Per 
lububn (TuJl) rnntmnastalnmg, which identifies Immature nctt- 
runs,<* coronal scedons were incubated with the antibody against 
TuJl (1:1000) at 4*C overnight and were then Incubated with a 
Wodnytoted horse ami -mouse Immunoglobulin antibody at room 
temperature for 30 minutes. Double Imrnuno fluorescent staining for 
BrdU and TuJl was performed to determine whether BrdU* 
Immurtoreacdve cells express neuronal phenotypo on die coronal 

Image Analysis and Quantification 

Measurements of Brrftf-umiiunnreuctlvc cells were performed on 
paraffin-embedded 6-fiin-titIck sections," Brdtkbntnunnsiuraed 
scedons were digitized with the use uf a *40 objective (Olympus 
BX40) via die MOD computer imaging analysis system (Imaging 
Research). BrdU-lmmunortsicirve nuclei were counted on a com* 
puter monitor to Improve visualization and In 1 focal plane to avoid 
ovnrteunpllng. 

All BrdU^rnnnorcamrvc^osidve nuclei wore counted in both 
the Ipsilatcral and contralateral walls of the lateral ventricle of the 
^ventricular same and to the dentate gyros. 11 Ferthc subvcntricular 
wmc, every 40th coronal section was selected from each rat for a 
total of 7 scedons between tmtetopoRtcrior^lO^ mm of the germ 
corpus eaUosum and tmterepostmior+H,74 mm of the anterior 
commissure ensuring. For the dentate gyrus, every JOtb coronal 
section was selected from each rut for u toinl of 8 sections between 
anteropc«terlor+5^6 mm and anleropoMicrior+2^6 mm of the 
granule cell layer, BrdlMmmunoreacdve nuclei hi die subvenujeuhir 
tsoneand In the dentate gyms arc nnacntcd m the number of the cclla 
per smutre millimeter (mcansSB), Density vahtcs tor me 7 sections 
(subvenlrieular »me) and H sections (denmte gyms) were averaged to 
obtain a mean density value for each animal/ 

Kumbcrs of TuJl^munoreactive cells were trnttrmxi in the 
subvcntriculur xune and striatum, and data are presented as the 
number of TuJl-immueoreuctive cells par section (mcumtSE), 

Monitoring of Relative Erythrocyte Flow Velocity 

Relative erythrocyte flow velocity Was measured by laser-Doppler 
flowmctry (PeriFtux PP4 tlowmctcr. ?cr Imcd AB) In the tissue under 
the taaer-DoppJer flowmetry probe,^ A burr hole 1 .5 mm In diameter 
was drawn on the skull 2 mm posterior to the bregma and 6 mm 
lot end to midline,'* The dura was left mtaeu After the application of 
mineral oil tmm the burr hole, the probe was placed 03 mm above 
die dural surface. Relative How velocities were measured 30 mhrmes 
after admlnisiradon of sUdimaftl This m«isurentent reflects rein. 
Uvely localized CBF.* Values of How veIocJUes are presented as a 
percentage of the contralateral hemispheric values. 

Measurements of Infarct Volume 

Measurement of Infarct volume whs measured on 7 hematoxylin and 
ensJn-fitained coronal sections with the use of u Clobul Ubammry 
Image analysis program (Duta TtntudaUon). 1 * Bricdy, the area of 
both hemispheres and the taferct urea (mm') were calculated by 
tracing die area on the computer screen. Infarct volume (mm 1 ) was 
determined by multiplying the appropriate area by the section 
interval itocknes*, 1 * The infcrct volume is presented as the percent* 
age of inihrct volume of the contralateral hemisphere (Indirect 
volume cnietdatiohV* 

Statistical Analysis 

For analysis of neurological functional rec overy and body weighs, 
the generalised estimation equations (GEE) analysis" appreuch was 
used Instead of ANOVA because the dam did not meet assumption* 
of normality and equal variance for ANOVA. A paired t test or 
signed rank test was used to lest the diiTerence m cell proliferation 
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TABLE 1. Density of Newborn Colls In Brain 



Groups 


SubvttfttttJtar2tti& 


Dentate Gyrus 


Ipsltatontf 


Conbalatmal 


Ipsfia&nil 


Con&aJainrai 


Sflderwfll2rnQ/kfl,2h 


383z23,4<r 


2862:1974 


55*3.99* 


55±2.10t 


SUdorurll 5 nig/kg, 2 Iv 


437±32,S7f 


312±23,79* 




988.5.30* 


SQdmtari) 2 triQ/hQ, 24 h 


374516,07* 


3)9*21.54 




S6±4.76* 


Control 




246*1*54 


44AZ96 


42=3,01 



Dmu&y cf powtjom calls Is preswitml as mewi=ESM number of Bnflflmironcroojnto) culls 
per rnrrr\ 
^o.os, ffvaun ra antra! croup, 



between lasltstcml and contralateral region* of tmbvenrrleulnr zone, 
dentate gyros, ami sniatum. The GEE aralya!* abroach t*os used la 
study the treatment effect cm cell proliferation In the ipsilaterat urn) 
contralateral mthvcntHcutar xortc regions* dentate gyrus, uml smV 
turn. All values are presented as raeonsSE. Stntlstlcul ^tptlGetwee 
waSsetat/^aOS. 

Results 

Effect* of Sildenafil on Cell Proliferation 

ischemic rats treated with sildenafil (2 or 5 mg/kg) initiated oi 
2 or 24 hours after stroke hud Kignificwit (/><0»05) increases 



in numbers of BrdU-tmmunarcactivc cells In the denude 
gyrus of both hemispheres (Table 1) compared with contra! 
rate. Treatment with sildenafil at a dose of 2 mg/k& (at 2 or 24 
hours) significantly CP<0.05) tactcased numbers of BrtlU- 
tmmunoraictivc cells in the ipsil&tcrai subventrfculor zone 
(Table I), and the 5 mgftg dose (at 2 hours) significantly 
(P<QS}5) increatfed numbers of BrdU-Imcjucnrcactlvc cells 
In the sub ventricular write of both hemispheres (Table 1) 
compared with mimbers of BrdU-murtunDreactive cells in 
control rats. 
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Houro 1. Treatment with sildenafil mcrosaod TuJ1» 
{rntnunarsactivQ cells 2B days after tech urn la. At 
Pram a repre se n tati ve rat. robust Inwooscs In 
numbers of TuJ1 •Immunopoictivo cens In ma IpsU 
lateral subvonaleular zono compered with ma eon- 
tmlatfirel aubvemrlcuter aono (0) am shown. 
Eportdymal celts (arrows bi A and B) ware not TuJ1 
Immunomaetioo. TuJI-lmrminomacdvo cells Qxhtb- 
ted cluster In tho IpsUatoral striatum 13 compared 
with tho homotoooua tissue In tho conlmlatoral 
hemisphere IDJ. Peubfo Immunoatalnlng with and- 
bodies against TLU1 and BrdU shows that BrdU- 
Imrnunorooetlva colls (t= and G, groen, arrows) 
wero TuJI Imrrwnonoactiwt (E and P, rod. arrows). 
E la a merged (magi from P and G. H and 1 show 
quantJtatto data of numbers of TuJV 
ImmunoreactNa calls In the sutovantrteular sono 
(n«B In aoch group) and striatum ln-6 In each 
group), respeeflVely. 'P-cCQfi, ~P<0,G1, *P»u.05 
ws control group. LV Indicates latoral ventricle 
Bars»l0 um In 9 and G and £0 pm In C. 
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TABLE 2. RMfrFfitlttTost 









% of ftHbFmJto 








Bfstoro Jpchnmto 


dd 


14 d 


mo 




slWimafli 2 msftb 2 h 




J&Blstf.l 


lS^si,Bt 1W±1^t 




ojtei.< 


SlWtmofil 9 mgfca 2 h 


1.0210,02 


17. 9 ±2,9 


1U±14* 14.6s2,r 




7,0*1.4 


SIkMI 2 ma% 24 h 


1.032:0.03 


2Ws3.a 


TMisLQt io.qsD.St 


ao*o5t 


5.3*0,8* 


Control 




31.443.4 


24.B±3.0 220=2,8 


1B.432.7 


ii.flsi.fl 



Vnttjos arc mransSE rar qjcclfloti numbor of days after 
*/*co,05, tP<0»01 w oniml oroup. 

Effects of Sildenafil on Immature Neuron* 

Admlnfetrntion of sildenafil robustly Increased number orTulU 
TTmrnmarcuctivc crfls in the ipsitntcrn} subvcntricuinr zone (Fig- 
ure 1A) and striatum (Figure 1Q, TUll-mwrtuToteactive cdl« 
exhibited clwtero in the in wlalcrol striatum [Figure I Q. Some of 
the Tttfl-immimarcacavc cells were BnJU imrouoorcactive 
(Figure lfi ta IG). Quantitative measurements rcvealett" that 
tutmimrtntfum of bTldctutnl at tt dose of 2 or S mg/kg signifi- 
cantly CP<0*05) Increased numbers of Tall- tatmunorencuve 
cells in the IpftitAternl and canttuluterol HubventHcular 
catnpmed with the number in control tuts (Figure IB), Treat* 
meat with sildenafil also significantly Increased the number of 
Tul1 cells In the IpRttaterol striatum compared wilh homologous 
tissue in the contmletcnil hemisphere end in the IpsUatcral 
striatum of control em (Figure 11), 

Effects of Sildenafil on Neurological Outcome 
The Ischemic rats treated with sildenafil at a dose or 2 or 5 
roe/kg significantly Improved p^forowmo: on the Taol-fiiult 
teat (Ttlblc 2) und the adhesive removal test (Table 3) during 
4 to 21 days compered with control eats when treatment was 
initiated at 2 bourn alter onset or hichemla. In addition, 
treatment with stldcttuHl at dose* of 2 and 5 mg/kg signifi- 
cnntly reduced animal body weight low (Table 4)* la contrast, 
infarct vohimes measured 28 days alter Ischemia were not 
signi fi canity dilTeTcrit oniony these groups (Table 5), suggest* 
ing that infhrct volume docs not eonndbute to Improvement of 
fractional recovery. We also administered sildenafil at a dose 
of 2 mg/kg ta the iHchemtc ruts starting at 24 hours after onset 
of Ischemia, Ischemic rats receiving sildenafil exhibited 
slBtdllcant (P<Q$$) Improvements on the root-fault (Table 
2) and adhesive removal (Tabic 3) tests during 7 to 28 days 
ate stroke, Hots treated with Sildenafil also showed a 
Hic^incnntC^G.O^n^tiQninbo^ywdghtloKaut^?. 14, 
21, and 28 days after Ischemia (Tabic 4), However, there 
were no BignillcanL differences in infarct volume between 



tscfteRifcit 

Ischemic animals treated with sildenafil and animals in the 
control group (Table 5)» 

Effects of Sildenafil on cGMP 
The cerebellar levels or cGMP (Figure 2A, control) were 
higher than the cortical (Figure 23, control) levels In nonis- 
chemic control runt, which is consistent with previous stud- 
ies. 4 Treatment with Sildenafil at a dow or 2 or 5 mg/kg for 
7 days significantly (P<0,D5) increased the cortical levels or 
cOMT (Figure 20) compared with levels in the control group. 

Effect* of Sildenafil on Localised CBF 
Admmistmnon of sildenafil at a dose of 2 mg/kg to nonis- 
chemic mis significantly increased localized CBF levels 
compared with tlte control rats (Figure 3}» Significantly 
increased localized CBF persisted for 70 rnlmircs after ad- 
ministration of Sildenafil (Figure 3). 

PDE5 in Rat Brain 

RT-TCR unnlysis revealed both l'J>E5Al (257 bp) and 
VDBSA2 (149 bp) transcripts in nonischemic tat brum tissue, 
tndicanng the presence of VDZS (data not Shown). Levels of 
FOE5A1 ami FOB5A2 mRNA measured by band density 
(n«3 for each time point) did oot show a statistical di (Terence 
alter MCA occlusion compared with the nonischemic tats. 

Discussion 

The present stmfy demonstrates that treatment of focal cerebral 
ischemia in rats with sildenafil significantly Improved recovery 
of neurological outcome and significantly increased numbers of 
BrdU- and TuiUlnvnanoreoctive cells in ischemic bruin. In 
addition, administration of sildenafil significantly Increased cor* 
Ileal levels ofcCMP. Therefore, our dato suggest that increased 
cGMl* levels resulting from udmimKtniticrn of sildenafil may 
mediate enhanced neurological outcome* 



TABU: 3. Adaoslvo 



Test 









Gflccnd 


hi 






Croupn 


Bfitonj [fichfltfiifl 


4d 


7d 


14 d 


21d 


26d 


sitamrnW 2 martta, 2 h 


7J»s0,1 


8MSM 






»esa,r 


15^X8 


sDdemjfU s mMt 2 n 


16.73:04 


100,7^5 


70,7s:1tW 


3aai7^t 


2&a£G£t 


14.&S3J 


SWcmrfQ 2 ma/kOi 2<t b 




102rfl4t 


4B4l45t 


14.1 =1^t 


HOsrUOt 


10*7209 


Control 


7D±0^ 


114,7*3.6 


95.7=12 


67^=0.0 


43.4SS.7 





Values are maansSL 

t^<0.01 vs control flroup. 
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TABLE 4. Animal Body Wright Loss 









% of PnsJsehomlc Body Weight 






Groups 


Before bcfwmlB 


4d 


7d 


14 0 


21 H 


2SU 


fllwnfltiUmB/ko>2h 


100 




8G t 6±2^t 


89,B±4.r 




ios^.D' 


Sfldwinfll S mrjAn, 2 h 


100 


B4,6±1.B 








1D1^±fl3 


SWcnafll 2 24 h 


100 


BB4JSD.2 


KBtlJJt 




99,5 ±2JT 


1072t224* 


contra) 


100 


74,7*1.1 


73J±1,1 


77«fl8%4 


OiJte^? 


03.4J64.6 



"P<QiM, t^=0.0l w coniml amiy, 

PDES ts an Important enzyme for the hydrolysis ofcGMF.* 
Our observations orFDES mKNA in the cortex iti nomschc* 
rnlc raw ore consistent with previous studies in which PDES 
ttiKNA and proteins were detected In tats, 3 Sildenafil citrate 
is a patent Inhibitor of PDE5 and causes mmjccllutur accu- 
mulation of cGMP. 3 dot data show that adrafolstnttlon of 
sildenafil significantly tnercased bruin cQM? levels* Tn par* 
allcl with oar findings* local adniintoradon of zaprinost* a 
relatively selective inhibitor ofPDES. to rat brain slices leads 
to an increase of cGMP release,*" Thus, our data indicate Uiat 
sildenafil affects btnin PDE5. 

cGMP modulates vasoretaxing effect* In vascular mus- 
cle.' 0 We found that administration of sildenafil transiently 
increased CBF in nonischemic rats, consistent with previous 
in vitro and in vivo studies. Administration of aaprinast elicits 
dilatation of the basilar artery in rats'" and produces dilatation 
of dog cerebral arteries,* 1 Administration of sildenafil at a 
dose >5 xug/kg decreases the systolic arterial blood pressure, 
and the effect lasts for at least 6 hours/** However, she effects 
of sildenafil on CBF likely do not provide neuroprotection 
because the treatment did not reduce infarct volume and the 
treatment was effective even when sildenafil was first admin* 
istercd at 24 hours after the onset of ischemia, which is tar 
beyond the therapeutic window for neuroprotection. 

Another new finding of the present study is that treatment 
with sildenafil significantly increases proliferation of progen- 
itor ceils in the subvcntricular zone and the dentate gyrus and 
numbers of immature neurons, us assayed by TuJl immune- 
staining. We previously demonstrated that administration of 
DETA/NONOatc. an NO donor, significantly enhances neu- 
rogenesis. 4 NO activates Soluble guanylatc cyclase and leads 
to formation of cOMP f while sildenafil inhibits PDE5 activity 
and results In inhibition of cGMP breakdown.** Taken 
together, tfacae data suggest that C0MP may regulate neuro- 
genesis* Our findings are consistent with previous studies that 
cGMT-dencndent protein kinase type 1 enhances sensory 
neuron precursor proliferation.** It is interesting to note that 



TABLES. Infarct Volume 


Groups Infarct volume, ft 


slttsnsri) 2 mo/kfit 2 n 


35.2233 


sitenrtll 3 mm* Z h 


37.7±0 


Sltoonsfll 2 mu% 2* h 




OOfflfDl 


3&3±1.7 



neuronal progenitor cells in the subvcmricular asne migrate 
to the ol&ctory bulb, and after reaching the olfactory bulb, 
they differentiate into mature neurons." These data arc 
consistent with the observation that formation of ol&ctory 
memory is mediated by cOMT concentration, 30 

cGMP levels in neurons ore also involved in the modulation 
of dendritic and oxorud guidance. Increased tntraccUular cGMP 
via sema 3 A can convert dendritic and atonal guidance from 
repulsion to Btaactforv"<*« la addition, cGMP enhances neurhc 
outgrowth In nippocampa] neurons in culture and in PC 1 2 
eclK*** 1 Punhennore, aged ruts exhibit n decrease in die basal 
levels ofcOMP as a consequence of a more active degradation 
of cCMP by a phosphodiesterase in the aged brain compared 
with the adult bruin.** Decreases in NO and cCMP synthesis rn 
nged brain may have Important functional implications in the 
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Figure 2. Uvda of cOMP In the corebeOum (A) nnd cortex (B) 
after treatment with sfldenoflJ In nonischemic mta (n»Q); n-10 In 
control group. 
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Figure 3* Localised CBF In rats treated with slldonaflt (n«B) or 
control (n«3)> 



pmeeittcH oFletutringand memory. 51 Ncurogcriciris may translate 
too functional Iwpjovcraco*^ Far actraple, mice with a high 
role of ncurogcncKiH in the denude gynw exhibit enhanced 
performance on a hippoctanpnl-dcpcndait task; Mtocas a de- 
creasing rate of neurogenesis is correlated with impairment on 
such » task.* 4 *** Therefore, enhancement of neurogenesis racy 
contribute to fUnoiiod&l recovery after ucauncnt whb slldcoaflL. 

to summary, the results of this study demonstrate that 
ailminiflinuicm of tdlucnafil alter stroke enhuncctt functional 
recovery and augments neurogenesis in the rat, 
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